This study attempts to estimate the rate of inflation in Pakistan by the stochastic approach to index numbers by allowing systematic changes in relative prices. This approach provides not only point estimate but also confidence interval for the rate of inflation. There are two types of approaches to index number theory namely: the functional economic approaches and the stochastic approach. The attraction of stochastic approach is that it estimates the rate of inflation in which uncertainty and statistical ideas play a major roll of screening index numbers We use CPI data covering the period July 2001--March 2008 for Pakistan and find that if prices of individual commodities are widely dispersed then the level of uncertainty for measuring the rate of inflation will be very high. We find that the rate of inflation was changing significantly from month to month and by applying stochastic approach to index numbers we gained some level of confidence that our estimated range will contain the true parameter of the rate of inflation.
Introduction
Inflation is a rise in the price and wages caused by an increase in the money supply and demand for goods, resulting in a fall in the value of money. Wilson (1982) said "inflation is a sharp increase in the rate of change of some price index above a previous normal level." Inflation is measured by using CPI because CPI is directly related to people's purchasing power of fixed basket of goods and services. When inflation rises, people can buy only small number of things and vice versa. Inflation is used in negotiating wages, providing social security benefits, reviewing contracts etc. This requires inflation to be measured by using the best statistical techniques.
The objective of this study is to estimate the rate of inflation for Pakistan. So far the Laspeyres index based on fixed basket approach to index numbers is used to estimate the rate of inflation for Pakistan. In this study we used the stochastic approach to index numbers to estimate the rate of inflation.
To estimate the rate of inflation there are two main approaches namely functional approach to index numbers of Diewert (1981) , Balk (1995) which dates back to Fisher (1922) , and the second is stochastic approach to index numbers theory reintroduced by Frisch (1936) , Theil (1975) , Clements and Izan (1981) , Clements and Izan (1987) , Selvanathan (1989) , Diewert (1995) , Crompton (2000) , Selvanathan (2003) , Selvanathan and Selvanathan (2003) , Selvanathan and Selvanathan (2004) , Selvanathan and Selvanathan (2006) , Clements et. al (2006) , Clements and Selvanathan (2007) .
The information required to apply stochastic approach to index numbers is prices of n commodities in two time periods say t and t-1. According to Clements and Izan (1985) , the difference between the prices of the period's t and t-1 contains two portions one is trend component (rate of inflation) and the other is random component. Selvanathan and Selvanathan (2006) said that the sum of price change would contain only the pure trend component because summing will remove the random component. So the average change of the prices gives the rate of inflation. Following are the advantages to use stochastic approach to index numbers for the estimation of rate of inflation.
Firstly, like other traditional approaches stochastic approach to index numbers provides point estimate of inflation. It has been found that the estimate through this stochastic approach is approximately close to that of official estimate. Secondly, the stochastic approach to index numbers provides the whole distribution of the rate of inflation. Stochastic approach gives standard error for the rate of inflation where as other approaches only are based on point estimates of the rate of inflation. The standard errors obtained can be used to get an idea about the uncertainty level in the rate of inflation. The main attraction of the stochastic approach over other approaches is that it could be used to express the inflation target in a range. We have some level of confidence that estimated range will contain the true inflation but in point estimation we are not sure whether our estimate will approach to true inflation or not. According to Casella and Berger (2002) though we loss some precision in estimating confidence interval but at the same time we gain some confidence coefficient about the parameter. The advantage of the confidence interval is "The purpose of using an interval estimator rather than a point estimator is to have some guarantee of capturing the parameter of interest."Casella and Berger (2002) Thirdly, according to Clements and Izan (1987) the stochastic approach to index numbers is closely related to least square theory. All the estimators which are used in the stochastic approach to index numbers are derived by least square method. The merit of these estimators, derived through this link is that they will adopt the properties of the least square theory.
The weighted stochastic approach to index numbers, an extension of the simple stochastic approach to index numbers gives weights to all the commodities according to their importance in consumer's budget and hence it use weighted average for the point estimation.
Clements and Izan (1987) extended the stochastic approach to index number by allowing systematic changes in prices of commodities. He introduced a commodity specific component in the model. He found that results were not significantly different after allowing systematic changes in the commodities. Selvanathan (1989) extended the approach by allowing within group changes. His results were unbiased for the parameters as was proved with simulation. Clements and Izan (1987) imposed an assumption on the variance of errors that when commodities have larger budget shares then the variance will be smaller but when commodities had smaller budget shares then the commodities had larger variation. He derived estimators for this particular type of heteroscedasticity. So results will only be unbiased when such type of heteroscedasticity does not exists in the data. To overcome this problem Crompton (2000) formulated a generalized estimator of variance which did not concern with any type of heteroscedasticity and provided unbiased results. Selvanathan (2003) noted that the Crompton's approach makes a reasonable reduction in variance than that of Clements and Izan (1987) . After correction, it was seen that 75% values of standard error with Crompton's approach were smaller than that of Clements and Izan(1987) approach. Selvanathan and Selvanathan (2003) also wrote a book on international consumption comparisons. He used the data of OECD and LD (Least Developing) countries and applied the stochastic approach to index numbers. Selvanathan and Selvanathan (2004) estimated the rate of inflation through stochastic approach to index numbers using the data for 23 OECD countries. Clements and Selvanathan (2007) stochastic index numbers was equivalent to the familiar optimal combination of forecasts with the individual prices playing the role of n forecasts of the overall rate of inflation. This leads to new analytical results on the impact of adding additional information within the stochastic approach framework.
Rest of the paper is organized as follows. Section 2 is about methodologies of stochastic approach to index numbers in its extended version. Then it is used to match with Divisia index. It is also used to calculate Laspeyres index. Section 3 gives the empirical study of the approach for Pakistan and finally we concluded.
Methodology

Extended Stochastic Approach to Index Number Theory by Allowing Systematic Changes in the Relative Prices
Consider the model with an additional term to allow the some sustained change in the relative prices of commodities.
Dp
Where i=1, 2, . . ., n and t=1, 2, . . ., T (2.1)
Where t denotes the trend in the prices and i denotes the part of change in the prices of individual commodities which is not random. The error term it is assumed to be random error, so its expected value is zero and independent both over time and across commodities which implies cov( , ) 0 it js where i j and t s. Let it w denote the budget share of i th commodity at time t. Also assume that the variance of this error is not stable over time and commodities; some form of heteroscedasticity is present in the model, the variance of errors is assumed to decrease as the commodity becomes more important in the consumers budget and vice versa 2 var( )
The data are pooled both against time and across commodity. Let us first slightly relax the assumption in Eq.(2.2) and assume that it is only commodity dependent and not that of time. And after the first round of derivation we shall again assume its time dependence:
Since it varies only with commodities where i w arithmetic averages of are it w . 
On the right hand side of Eq.(2.5), the very first term is similar to the 2 nd order weighted moment about the mean of Divisia index. The only difference is that in Divisia index weights it w are used while here in stochastic approach we use its average i w . The second term measures the variation which comes in relative price of commodities on average but is not independent of time. When trend in price change is small and other components (errors) become large then inflation measurement will be poor. The third term (covariance) on the right hand side of Eq. (2.5) is positive when on average the relative prices of those goods that increase during t th time also increase and vice versa. This variance gets increased as the commodity become less important in the consumer's budget.
Laspeyres Price Index Method
Let P i0 and q i0 denote the price and quantity of the i th commodity in the base period 0. w Dp (2.13) t is equal to t which is Divisia second order weighted moment about mean. So variance of the rate of inflation is similar to Divisia second order weighted moment about mean multiplied by 1/ (n-1). Eq.(2.13) measures the degree of dispersion of relative prices & by Divisia index we also get the same measure.
An empirical illustration
We have used monthly data on CPI for the period In table 2, we report the estimated rate of inflation in column 1 and in column 2 standard error for the rate of inflation is given and in column 3 corresponding tvalues are provided, expect few all the t-values suggest that rate of inflation is significantly different from zero. In column 4 of table 2, we reported the rate of inflation estimated using Laspeyres index under stochastic approach to index numbers. In column 5 standard error of rate of inflation using Laspeyres index is given. The corresponding official rate of inflation calculated by FBS is given in last column of table. We compared our results to the published figure on rate of inflation. We find that the point estimate for mean monthly rate of inflation comes out to be 0.64030% by extended stochastic approach to index numbers which is weighted average of price log changes using Eq. (2.5). The point estimate 0.640% is close to the official rate of inflation 0.597%, which is expected. Laspeyres index number estimate of rate of inflation by using Eq. (2.11) comes out 0.68% All three point estimates of rate of inflation are not very much different from each other. The standard error for the rate of inflation using Eq. (2.7) is 0.0499% which is Clements and Izan (1987) formula and using Eq. (2.21) is 0.052% which is Crompton (2000) formula and that of using Eq. (2.13) is 0.069% which is Laspeyres method, the difference may be due to heteroscedasticity. Heteroscedasticity present in our data is not of the same structure which was assumed by Clements and Izan (1987) because when we computed the residual variances (reported in Table 3 ) of individual commodities; it did not come out inversely proportional to the corresponding weights. We have also computed Crompton (2000) 1 variance for the rate of inflation in this study. Almost 51% of the values of variance computed by using Crompton (2000) formula are smaller than those computed using Clements and Izan (1987) formula, In figure 1 , scatter diagram of the estimate of rate of inflation is plotted against its corresponding standard error (Using Eq. (2.7)), solid line is the least square regression line. There is is a positive relationship between the rate of inflation and its standard error. In case of high inflation it is difficult to estimate it precisely in absolute sense i.e standard error of the rate of inflation tends to rise. However, the ratio of increase in the rate of inflation is higher than the increase in standard error. Figure 2 , in which scatter diagram of estimate of inflation is plotted against its standard error, which confirms that precise measure of inflation is not possible when its standard error is higher. In Figure 3 , 95% confidence band is constructed assuming the normal distributionˆt ±1.96 (varˆt ) 1/2 for the estimated rate of inflation, using Clement and Izan (1987) formula. We assumed that prices are log normally distributed. According to Clements and Izan (1987;  p345) "it is reasonable". Again in figure 4 , 95% confidence band for rate of inflation is plotted using Crompton (2000) formula; all the points lie in 95% confidence interval.
In figure 5 , we plotted 95% confidence band for the official rate of inflation. Except couple of points all points lie in the 95% confidence band. This suggest that stochastic approach estimates the rate of inflation which covers the official rate of inflation. Table 4 shows that the relative price of food beverages is 0.19273, an increase that is highly significant even at one percent level of significance with the t-value 13.25; the point estimate 0.19273 is more than six times its standard error. The estimated relative price of Apparel, Textile and Footwear is did not change significantly, with the t-value -.33. The estimated relative price of house rent index decline with t-value 1.99. Next the estimated relative price of fuel and lighting increase by 0.1768 percent. This value is highly significant even at one percent. The estimated relative price of Household, Furniture and Equipment declines with the t-value -2.55, which is significant at one percent. The estimated relative price of Transport and Communication also declines with t-value -3.76636, which is significant at one percent. The estimated relative price of recreation and entertainment is almost constant. There is a decrease in relative price of education by -0.6381which is significant at 5%. At the end, the estimated relative price of cleaning laundry and personal appearance is increased in real terms by 0.67, which is not ignorable. Medicare does not change considerably; as its estimated relative price is not significant even at 5%.Our model pass all diagnostic tests. Autocorrelations up to lag 12 lags because we have monthly data are also computed and apply Durbin Watson test to check its significance. We find hardly any high correlation except for food and cleaning group which are 0.2 and 0.21 respectively. The objective of this study is to find the confidence interval for the rate of inflation for Pakistan because in interval estimation we achieve some level of confidence that our estimated range will contain the true parameter on rate of inflation. To achieve this objective the methodology we used is stochastic approach to index numbers because this is the only approach which provides confidence interval for index numbers. We use monthly data on CPI for Pakistan to measure confidence interval of the rate of inflation. In the end we conclude that if price of individual commodities are widely dispersed then the level of uncertainty for measuring the rate of inflation will be very high. In such a case stochastic approach to measure inflation will both be effective and flexible in setting the inflation target in a range with certain level of confidence. Interval estimate is better than point estimate because in case of latter we have no knowledge whether this estimate will approach to underlying parameter or not. Standard errors computed through stochastic approach makes it possible to test the hypothesis about the index numbers. It is suggested that monetary policy authority should set inflation target in an interval rather than as a point estimate. We, therefore, suggest that it is better to use stochastic approach to index numbers besides calculating point estimate. Stochastic approach makes it possible to test the hypothesis about the index numbers.
